Resistome analysis of clinical VIM-1-producing Enterobacter cloacae strain CY01 from China revealed the presence of multiple resistance determinants. Two resistance plasmids were identified in CY01. The pCY-VIM plasmid was 14 kb in size and possessed a replicase gene (repA), a gene cluster encoding the partitioning function (parABC), and a carbapenemase gene (bla VIM-1 ). Another 5.9-kb plasmid, pCY-MdT, with an aac(6=)-Ib gene, was very closely related (13 nucleotide differences) to pMdT1, a ColE1 plasmid carrying aac(6=)-Ib-cr4.
C
linical isolates of members of the family Enterobacteriaceae producing metallo-␤-lactamases (MBLs; most frequently, VIM, IMP, and NDM) are of great concern because they are resistant to most classes of ␤-lactams (1). The VIM-type MBL was first reported in Verona, Italy, in 1997 (2) , and 41 different VIM variants (www.lahey.org/studies/other.asp, last accessed on 22 July 2014), usually encoded by gene cassettes of class 1 integrons, have been identified (1) . Endemic spread of Enterobacteriaceae isolates producing VIM enzymes, especially VIM-1, have been reported globally (1) . However, only two cases of VIM-producing Enterobacteriaceae, a Citrobacter freundii isolate with bla VIM-4 and a Klebsiella pneumoniae isolate with bla VIM-2 , have been reported in China (3, 4) . This report describes the identification and resistome analysis of CY01, an extensively drug-resistant (XDR) Enterobacter cloacae strain that produces the VIM-1 carbapenemase and was isolated in a Chinese teaching hospital.
An 89-year-old female patient was admitted to the First Affiliated Hospital of Guangzhou Medical University, Guangzhou, China, with a diagnosis of hepatic cysts in May 2011. Bacterial culture of cyst drainage fluid grew E. cloacae (designated CY01). Antimicrobial susceptibility testing was performed with a Vitek2 Automated Susceptibility System and Etest strips (bioMérieux, Marcy-l'Étoile, France). MICs were interpreted by CLSI standards for Enterobacteriaceae (5) . E. cloacae CY01 was nonsusceptible to all of the antibiotics tested except colistin (Table 1 ). It was positive by both the modified Hodge test and the imipenem-EDTA double-disc synergy test, indicating the presence of an MBL gene. The bla VIM-1 gene was identified by a multiplex PCR targeting known carbapenemase genes (6) , and the sequence was confirmed by DNA sequencing. Conjugation and selection with 2 g/ml of ceftazidime failed to transfer the bla VIM-1 gene from donor strain CY01 to rifampin-resistant Escherichia coli C600 (7). However, electroporation successfully transformed E. coli DH5␣ cells by CY01 plasmid DNA and transformants containing the bla VIM-1 gene were obtained. Antimicrobial susceptibility testing showed significantly higher MICs of ␤-lactams for transformant strain TrVIM than for parent strain DH5␣ (Table 1 ). This suggested that the bla VIM-1 gene was located on a plasmid that was not self-transmissible.
To determine the resistance mechanism responsible for the XDR phenotype of CY01, whole-genome sequencing was performed by a MiSeq 2 ϫ 250-bp pair-end sequencing procedure (Illumina). Sequencing reads were de novo assembled into contigs with the Edena assembler (University of Geneva, Geneva, Switzerland). E. cloacae CY01 was identified as being of sequence type 200 by a recently developed multilocus sequence typing scheme (8) . Analysis by the ResFinder server (9) revealed acquired genes encoding resistance to ␤-lactams (bla VIM-1 , bla TEM-1 , bla CTX-M-3 , and bla 
), aminoglycosides [aadA2, aph(3=)-Ia, aac(6=)-IIc, aac(6=)-Ib, strA, and strB], macrolides [mph(A) and ere(A)], sulfonamides (sul1 and sul2), trimethoprim (dfrA12), tetracyclines [tet(A) and tet(D)], chloramphenicol (catA2 and floR)
, and mercury salts (merRTPCADE). Chromosomally located antibiotic resistance determinants, including an ampC gene, mutated gyrA and parC genes, and truncated porin genes (ompC and ompF), were also detected (see Table S1 in the supplemental material).
Potential plasmid contigs were identified by the presence of genes encoding functions of plasmid replication, partition, conjugative transfer, or antibiotic resistance. PCR primers (see Table S2 in the supplemental material) were designed to close the gaps between the plasmid contigs to produce circular plasmid molecules. Two plasmids, pCY-VIM and pCY-MdT, carrying bla VIM-1 and aac(6=)-Ib, respectively, were identified by this procedure. Plasmid pCY-VIM consists of 13,999 bp and is predicted to contain a total of 20 open reading frames (ORFs) (Fig. 1A ; see Table S3 in the supplemental material). Four genes encoding the putative plasmid replication (repA) and partitioning (parA, parB, and parC) system were identified. Interestingly, these genes show no significant identity to genes with similar functions from Enterobacteriaceae plasmids. The highest identity of RepA is 76% iden-tity to the putative replication protein of p07-406 from Pseudomonas aeruginosa (10) . The parA and parB genes are most closely related to parA (88%) and parB (64%) of pNOR-2000 from P. aeruginosa (11) . The parC gene is 54% identical to a putative partition gene from a plasmid contig (accession no. NZAEVV03000013) identified in P. aeruginosa HB13 strain 138244. The plasmid also carried predicted ORFs related to phddoc-type addiction (orf11 and orf12), bacterial type IV secretion (virB5 and virB6), and other, unknown, functions ( Fig. 1A ; see Table S3 in the supplemental material).
The bla VIM-1 gene was the only antibiotic resistance determinant present on pCY-VIM, which was consistent with the susceptibility phenotype of transformant strain TrVIM (Table 1) . Analysis of the genetic environment of bla VIM-1 revealed a class 1 integron structure. The bla VIM-1 gene is located downstream of intI1 and is followed by the first 243 bp of the aac(6=)-Ib cassette (⌬aac(6=)-Ib), which is truncated by an IS6100 element (Fig. 1A) . Direct-repeat (DR) sequences (ATGCT) were identified flanking the inverted repeat (IR) sequences of the integron (Fig. 1A) , suggesting that the integron region was formed by direct transposition before or after moving into the plasmid backbone sequence.
A DNA segment (bp 8375 to 11983) containing eight putative ORFs (orf11 to orf14, virB5, orf16, VirB6, and orf18) was found downstream of the class 1 integron (see Table S3 in the supplemental material), and these genes are most closely related (60 to 100% identity) to the genes arranged in the same order in a draft genome contig sequence (accession no. NZAFWI01000034) of Vibrio tubiashii, an environmental bacterium implicated in major disease outbreaks among bivalve mollusks (12) . Although the functions of several ORFs (orf5, orf6, orf10, orf13, orf14, orf18 , kfrA, and orf20) were not clearly defined, sequence analysis of pCY-VIM revealed multiple gene regions unlikely to be derived from Enterobacteriaceae (see Table S3 in the supplemental material). These results indicated that the plasmid backbone was probably constructed in environmental bacteria (P. aeruginosa and V. tubiashii) and the integron region was captured by transposition before or after plasmid transfer to CY01. However, when and how the plasmid transfer occurred are unknown. Investigation of the prevalence and transmission of pCY-VIM-like plasmids in clinical isolates, including P. aeruginosa and Enterobacteriaceae, may help to address this issue.
Another plasmid (pCY-MdT) is 5,933 bp in size and is 99.8% identical (13 nucleotide differences) to pMdT1 from Salmonella enterica serovar Typhimurium (13) . Sequence analysis of pCYMdT identified a replication module for ColE1 plasmids (genes encoding RNAs I and II), a mobilization region with overlapping mob genes, and an intact aac(6=)-Ib gene (Fig. 1B) . Sequence comparison of aac(6=)-Ib of pCY-MdT to the counterpart gene of pMdT1, aac(6=)-Ib-cr4, revealed three point variations leading to residue changes Arg128¡Trp, Leu143¡Ser, and Tyr205¡Asp (the first residue of the protein was assigned position 1). Interestingly, residues Arg128 and Tyr205 of Aac(6=)-Ib-cr4 are critical for ciprofloxacin resistance, while Leu143 is generally found in Aac(6=)-Ib-cr variants. These data suggested that pMdT1 was probably derived from pCY-MdT by mutations in the aac(6=)-Ib gene and other regions.
Overall, multiple resistance determinants in VIM-1-producing E. cloacae CY01 from China were identified by whole-genome sequencing. Sequence analysis of the replication and partitioning regions from resistance plasmid pCY-VIM revealed a possible origin of the plasmid backbone from nonfermenting bacteria rather than Enterobacteriaceae. A novel class 1 integron structure carrying bla VIM-1 on pCY-VIM was demonstrated. Another small plas- 
